In this article I consider some of the key features ofwhat has become known as modern epidemiology, and I contrast these with more traditional approaches. I do not intend to present a detailed historical review,1-3 nor to present a comprehensive review of current approaches. Rather, I will focus on some of the key changes in epidemiology over the past few decades, and I will consider the concepts of causality involved and their ideological and practical consequences. I will argue that the rise of modem epidemiology has been a mixed blessing and that the new paradigm has major shortcomings, both in public health and in scientific terms.4 The recent changes in epidemiologic methodology have not been neutral, but rather (in combination with other influences) they have changed-and have reflected changes in-the way in which epidemiologists think about health and disease.5 The key issue has been the shift in the level of analysis from the population to the individual (S. Wing, Concepts in modem epidemiology: population, risk, dose-response, and confounding, unpublished manuscript). This is typified by the current lack of interest in population factors as causes of disease, the lack of interest in the history of epidemiology, and the lack of integration with other public health activities. I will give particular emphasis to the current neglect of social, economic, cultural, historical, political, and other population factors, and I will refer to these using the general term of "socioeconomic factors."
Introduction
In this article I consider some of the key features ofwhat has become known as modern epidemiology, and I contrast these with more traditional approaches. I do not intend to present a detailed historical review,1-3 nor to present a comprehensive review of current approaches. Rather, I will focus on some of the key changes in epidemiology over the past few decades, and I will consider the concepts of causality involved and their ideological and practical consequences. I will argue that the rise of modem epidemiology has been a mixed blessing and that the new paradigm has major shortcomings, both in public health and in scientific terms. 4 The recent changes in epidemiologic methodology have not been neutral, but rather (in combination with other influences) they have changed-and have reflected changes in-the way in which epidemiologists think about health and disease. 5 The key issue has been the shift in the level of analysis from the population to the individual (S. Wing, Concepts in modem epidemiology: population, risk, dose-response, and confounding, unpublished manuscript). This is typified by the current lack of interest in population factors as causes of disease, the lack of interest in the history of epidemiology, and the lack of integration with other public health activities. I will give particular emphasis to the current neglect of social, economic, cultural, historical, political, and other population factors, and I will refer to these using the general term of "socioeconomic factors."
Of course, traditional epidemiology was not a monolith. A wide variety of approaches were used, and there is a danger of setting up caricatures of ideal types. It should also be emphasized that traditional epidemiology gave rise to modern epidemiology; therefore, they have many features in common. Nevertheless, there are some important differences between the traditional and the modern approaches, particularly the loss of the population perspective in recent decades. I therefore will discuss some of the reasons the population perspective has been lost and the implications of this paradigm shift. Then, I will discuss some of the key issues in developing new forms of epidemiology that restore the population perspective while making use of recent methodological advances. (I am tempted to use the term "postmodern epidemiology" to provide a contrast with modern epidemiology and because some postmodernist concepts are relevant to my arguments; however, the use of this term could imply an uncritical advocacy of postmodernism, which has its own epistemological and practical shortcomings.)
Traditional and Modern

Epidemiology
In the first week of their training, most epidemiologists usually leam a little about the history of public health. In anglophone countries they learn about the work of Chadwick, Engels, Snow, and others, who exposed the appalling social conditions during the industrial revolution, and the work of Farr and others, who revealed major socioeconomic differences in disease in the 19th century. At that time, epidemiology was a branch of public health and focused on the causes and prevention of disease in populations, in contrast to the clinical sciences, which were branches of medicine and focused on disease pathology and treatment of individuals (S. Wing, Concepts in modem epidemiology: population, risk, doseresponse, and confounding, unpublished manuscript). Thus, the emphasis was on the prevention of disease and the health needs of the population as a whole. The dramatic decline in infectious diseases that has occurred since the mid-19th century has been attributed to improvements in nutrition, sanitation, and general living conditions,6 although it has been argued that specific public health interventions regarding factors such as urban congestion actually played the major role.7
There are still major socioeconomic differences in health, and the relative differences are continuing to increase.8 '9 Nevertheless, modern epidemiologists rarely consider socioeconomic factors and the population perspective, except perhaps to occasionally adjust for social class in analyses of the health effects of tobacco smoke, diet, and other lifestyle factors in individuals. For example, studies in most industrialized countries have repeatedly found strong associations between social class and cancer,10 yet social class did not feature, except for a brief mention as a confounder, in the most comprehensive review of the causes of cancer in the United States,11 and one leading epidemiology text states that "social class is presumably related causally to few if any diseases. ' A further issue may be that epidemiologists tend to be most interested in risk factors that they can relate to, or may even be exposed to. Epidemiologists are frequently at risk from tobacco smoke, alcohol, diet, viruses, and even some occupational chemical exposures, but they are rarely at risk of being poor. The poor may be occasionally encountered in random population surveys or after taking the wrong exit from the autoroute; in daily life they are mostly invisible, although they are becoming harder to avoid as problems of homelessness and exclusion increase.
The Rise ofRisk Fator Epidemiology
However, perhaps the main reason that socioeconomic factors currently receive little attention in epidemiology is that they are not considered to be real causes. Of course, many 19th-century epidemiologists also considered that socioeconomic factors were not the real causes; rather, they studied disease at the population level because the relevant biologic agents were at that time unknown.27
When these agents were discovered, attention then shifted toward addressing these "real causes," and the Henle-Koch postulates displaced the population-based approach of the 19th-century epidemiologists.,
The decline in infectious disease and the rise in relative importance of noncommunicable disease led to the development of a new epidemiologic paradigm in the mid-20th century; this involved not only a shift in the object of study and a recognition of the role of multiple causes, but also the development of new techniques of study design and data analysis.' In a certain sense, this new paradigm represented both a significant advance and a step back to the future, as it restored some of the population-based inferences that had fallen into decline in the late 19th century and the first half of the 20th century because of the successes of the germ theory.1 Some key figures in the new paradigm espoused a holistic view of disease, recognized the need for a multidisciplinary approach (social, biologic, statistical), and specified the population group as the unit of study.1 However, the new risk factors that were studied were often conceptualized in individual terms, and individual lifestyle has received increasing emphasis during the last few decades.
Epidemiology became widely recognized with the discovery of tobacco smoking as a cause of lung cancer in the early 35 Thus, on a global basis the "achievement" of the public health movement has often been to move public health problems from rich countries to poor countries and from rich to poor populations within the industrialized countries. Of course, this is not solely the fault of epidemiologists. However, when a public health problem is studied in individual terms (e.g., tobacco smoking) rather than in population terms (e.g., tobacco production, advertising, and distribution, and the social and economic influences on consumption), then it is very likely that the solution will also be defined in individual terms and the resulting public health action will merely move the problem rather than solve it.
Levels ofAnalysis
The apparently competing explanations for disease causation (e.g. tobacco smoking in individuals vs socioeconomic factors in populations) can be reconciled by recognizing that these explanations operate at different levels of analysis. Just as the occurrence of disease within a population can be studied at many different levels36-including populations, individuals, organs, tissue, cells, and molecules-the causes of disease can also be studied at these different levels, including socioeconomic factors, lifestyle, the organ burden of a carcinogen, and DNA adducts. 37 So what is the most appropriate level at which to commence to study the causes of disease in a population? Most researchers will immediately answer that their own discipline has it right, and all of the others have it wrong (what McKinlay16 described as "hardening of the categories"). Molecular biologists will focus on the etiologic process at the molecular level, much recent epidemiologic research has focused on individual lifestyle, and some epidemiologists, demographers, and social scientists have continued to conduct studies at the population level.21
These various pathways to understanding the disease process fall into two main approaches that mirror wider scientific debates in recent centuries. The bottom-up approach is inherently reductionist and positivist (i.e., it assumes that knowledge consists only of events [facts] that come from sense perception). This approach focuses on understanding the individual components of a process at the lowest possible level and using this information as the building blocks to gain knowledge about higher levels of organization. One current example is molecular epidemiology, which attempts to understand disease at the molecular level and then ultimately to use this knowledge in public health policy (e.g., by screening populations for individual susceptibility to specific carcinogens). This approach stems from the clinical tradition and is typified by an emphasis on the individual, on specific risk factors, and on the use of the randomized clinical trial as a paradigm (a variety of study designs are used, but the randomized trial is the gold standard to which the other study designs aspire). It is implicit in some recent definitions of epidemiology12'42 and yields useful information about the level under study (e.g., the molecular level), but it is debatable whether the bottom-up approach is an effective and efficient long-term strategy to gain knowledge or prevent disease at the population level.18
The bottom-up approach lacks distinctive theory regarding the occurrence of disease at the population level43 (modem epidemiologic studies are conducted in populations, but the implicit etiologic theory is usually based at the individualbiologic level), and its products can be likened to "a vast stockpile of almost surgically clean data untouched by human thought."4 Although it has an air of scientific purity, this approach is in fact rarely used in other sciences or related disciplines; for example, no one would attempt to predict the weather or the motion of the planets from measurements of individual molecules. Not only is such an approach impossible in practice because of the infinitely large amount of information required, but recent work in chaos theory has shown that such an approach is also impossible in theory because small inaccuracies can produce huge effects in nonlinear systems. 44 On the other hand, the top-down approach (variants of which include the structural approach,28 the dialectical approach,45 and the "upstream" approach '6) stems in part from the demographic tradition and starts at the population level in order to ascertain the main factors that influence health status within the population. It implicitly uses a structural model of causation rather than a behavioral model or a biomedical model.46 This approach is inherently realist7 (i.e., it holds that the objects of study exist and-for the most part-act independently of scientists, but it differs from positivism in that the object of scientific inquiry is not patterns of events but rather the underlying processes and structures that cause these events to occur). Causation is seen as resulting from mechanisms that are internal to the population under study and that operate dialectically, rather than involving regular associations between externally related independent objects.48 The top-down population approach is implicit in traditional definitions of epidemiology that commonly refer to "the study of the distribution and determinants of health-related states or events in specified populations, and the application of this study to control of health problems."49 It has been supported in a recent editorial5O that argued for the "need to move away from the almost exclusive focus of research on individual risk, toward the social structures and processes within which ill-health originates, and which will be more amenable to modifica- The key issue is that epidemiology is first and foremost a branch of public health.52 This view is not contradictory to the view of epidemiology as a branch of science; in fact, it is necessary to take a scientific approach to discover the major causes of disease in populations. However, if the goal is to understand and prevent the causation of disease in populations, then epidemiology should start at the population level and should address the major determinants of health and disease at this level. For example, the recent Leeds declaration4 emphasized the need to refocus upstream and to use research methods that are appropriate to the level at which intervention will take place. Epidemiologic techniques can be used in other settings (e.g., clinical epidemiology) and for other purposes (e.g., studies of disease progression and prognosis), but the key contribution of epidemiology to public health is its population focus.
Of course, epidemiologic studies in populations involve individuals who have specific exposures, but the important distinction is whether or not the etiologic framework is conceptualized at the population level and whether or not these exposures are placed in their social and historical context. and, almost incidentally, the presence of cholera vibrios.54 Thus, epidemiology is inevitably entangled with society, and it is not feasible or desirable to study the causes of disease in the abstract.5 To understand the causation of disease in a population, it is essential to understand the historical and social context and to emphasize the importance of diversity and local knowledge rather than only searching for universal relationships.55 This requires a greater involvement from the social sciences and a more multidisciplinary approach.5657 Epidemiology is just one of the approaches by which the major determinants of health in a population can be addressed, and it should be complemented by other quantitative approaches from the social sciences, as well as qualitative and historical studies. The emphasis should be on using appropriate methodology5' rather than making the problem fit the method.
Rose58 also noted that entire populations may be exposed to a particular risk factor, and there is usually a continuum of disease risk (rather than a clear distinction between the sick and the healthy) across the population. Small improvements in the health of a "sick population" may be more effective than attempts to treat or prevent illness in "sick individu- It should also be emphasized that the strength, and even the direction, of associations between risk factors and disease will vary between populations and over time. For example, coronary heart disease was at one time a disease of the affluent, but it has become a disease of the poor as smoking and eating habits have changed over time.62 Thus, appropriate preventive measures at the population level will differ widely between populations. Furthermore, although many specific risk factors play an important role in any population, their contribution to disease risk is modified by the baseline disease risk and the presence ofvarious cofactors, making it impossible to assume a universal dose-response relationship.21 A related issue is the importance of considering interrelationships between causes rather than considering each cause in isolation. 63 Finally, the randomized clinical trial may be an appropriate paradigm in many epidemiologic studies of specific risk factors, but it often is inappropriate in studies that require a consideration of the historical and social context. The danger is that attempting to eliminate the influence of all other causes of diseases-in an attempt to control confounding-strips away the essential historical and social context,2' as well as the multiple moderating influences that constitute true causation.63 Thus, the tendency to only study factors that fit the clinical trial paradigm should be resisted, and appropriate study designs should be chosen (or developed) to fit the public health question that is being addressed. 64 Epidemiology has become a set of generic methods for measuring associations of exposure and disease in individuals, rather than functioning as part of a multidisciplinary approach to understanding the causation of disease in populations. These methodologic changes have not been neutral, but rather, in combination with other influences, they have changed-and have reflected changes in-the way in which epidemiologists think about health and disease. We seem to be using more and more advanced technology to study more and more trivial issues, while the major population causes of disease are ignored. Epidemiology must reintegrate itself into public health, and must rediscover the population perspective. C
